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Abstract 



PROBLEM TO BE SOLVED: To estimate internal EGR amount with high accuracy. 
SOLUTION: A basic value of internal EGR amount without overlapping is calculated (S2), and when 
overlapping, increasing correction amounts (S5, S6, S7) due to overlapping calculated by considering 
overlap time, a center crank position thereof, and intake air pressure are added to calculate internal 
EGR amount (S8). A target closing timing of an intake air valve is calculated to a target air amount 
correcting valve obtained by adding the internal EGR amount to a calculated target air amount (S1). 
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t-tm^m 1 x{±fi*« 2 tcissjox yi/VcTjF^iPE 

GR»ftg:^£« 

tx^^mif^^-^^-y •yrmiEAmMm^^mizim 

lXmEGR&com^mi%ii!,ti>Z.t^:miti-i> 

fi^js 3 tiaaioxy i;>c?)i*ig5E GRiii^*^. 

[ m^m 5 ] m%^cDmm^ t ^^^c^mm^t t^^- 
)^-y -y Tth t # ui. m^JMt M^^^com^m 
t <Dmmti^i^±-ti iz Lfztti o X , mim^m^mzkf 

mft:^ !> t # tt. X y x'yiHilgj^*^:^ § v ^ # {j i:\ 
mnaa*ffi& S i i: €: ^^mt -r 11*5 3 -ft^ 
:il 5 <7) v>-m*» 1 otciaswxy -/ywi^igpE G Rfiffi 

mizhh t # i4, xy i/yHJISiMA^';^ # v ^fc # { j i:\ 

B?i5S*€?-^'-r'S^ t ^#itt-rsa[*«3-if* 

6 c7) V 1 otniaiii^x y s/yc/) rtgPE G RMS 

J^-y -yr^-h^m^-fUlii-mit-^^-y 
$:ti;^-rsc!:tcJ;0. rtg^EGRicoiiSMarii^ 

I. ; i: Sr^sifc-r ^ii*«4 -ff^ia? c7)v^-m*' 1 o 

icie«ii7)xy i^'y £7)[*ig5E G Rl:«^;^. 

\t. u^^mm\fsjMi^'hcyms.tim-^h^zL 

P^gSEGRftc7)}i^fi^i^>t'S)^i:Sr!^h-r 
■i.lf*JS4~it*58c7)v^-rii*» 1 olclElgiOxy v'y 

(Ol^iaSEGRiJtS:^^, 



[fs^^i 0] m3.K<ritmmti^m±th\.zLfz-h^'^ 
i*ia5E G R4co«s® s:iM:^-r s ^ t t tum 

^^S-m^'^l 0£7)^^■fi^*>lo^^i£^^oxy£/'y<:7) 
[^^EGR4Ji^:^ffi. 

Cif^ill 2] BUfE;t-^N'-^-yrfl:{4, ;!--y\'-9-y 
rftfflS«077y^:ftSBS^^ramfl:L7tfil^fflv^|>^ 
fc&^#Stfc-tSfl3R54~ff5|<:ll l<n\^■fiXt^\->f.Z 
IB«5^xy j^'yort^ E G Rfi;it^?£. 

^m'^L. mm-(nmmmm^%±MAmi<zhht # 
tim%^<r>m^mm\%±3tmk^zhhk # (4, isbrb^ 

5 c: t s-i^fisi: -thmim 1 1 ^/cfifi^js 1 2 ma 

fgiox yi;yc7)i*igCEGR . 

y'yTmzjmtfzm&mMh Lxm&n-mm: 
mtmmiE.m.t.zwm&m.m.^ntxwi 

*51 l~»^l 3c^v^-ffi*»l-:>tie®«^xy>?y 

c7)l*lSPEGRl:ii^a. 

[11*51 5] ©maE^7)^^i*jfi:*c-r-i.i3tit*5-5 
xmimsMsm^m±L. m%=i^<r>mmmmm± 

r Hina®^E*ijE*S:ii:^5 f ^lf«5 

1 1 ~if *5 1 4 \-ffd}^ 1 o{=iaiK<^x y i/y<7)rt 

gSEGRl:«^ft. 

ffllT'$l.^^#ga^:^i;c?txyi^'y^^i3V^•c. fria 

is*5 1 ~fi*js 1 5 oi^^-rtiA^ 1 otciaas^i-^cf^isp 

EGRft«^iiS:^S:fflV^Tl*|g|5EGR4SrftSt. x 

yy'yoal£:{tWca-:^v^-cBm^^^S:tiiL. fria 

rtSPE G R&.<r>m.m.tmi.^w.m&<r>n^mt {zm 
mwmmb ^j:i>i,o i.z\m,=i^(r)mmmimm-ri>zt 

[ii*51 7 ] 1!nEIS*5l~IS*«l 5<0Vv-ffiA»l 
0(;ia«2$ rtg?E G Rfi<7)ii^S^ffl ^ ^T f^SJE 
GR»$:Jt^L, ^f^g5EGR4^7)^i^^iS:fflv^Ti^'J 
y:J^tiSA$n-S.^«$:Kai-ri. h Sr!^®i:-ri.x 
y i^'yc7)x «j y^iSAS^^ai^^. 
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[fi*3S2 0 ] ffieilsS^I 1 -W^JSl 5cOV^t^A-l 

GRi&iiSL, ISi^aJEGRacoiiSffi&fflv^T^ifJ: 

[ft*«2 1 ] BtIieF*ia5EGRftiOii^€(CS^V>Ti/ 

a. 

[000 1] 

GRft?rti^t, iS*t^$ii^l*|gPEGRaS:fl3 
[0002] 

^iXX 10-3772 7-t^|g#ra) , 

[0003] C:<7)a^^iR7^$vl$i]fflI-C{i:, 

^ii^i^ji\^^^\i^±'^'<z%m^ixhm&-h. t 
ssvft) $•^#?.i^^-^"I1^P-r-5.::tA^t'^l.. 

[0004] 

i,z±t LXf&^^tnm^mi^zX'yXf&xss^trmm-t 
m^{H<DmA'xs. ([*iSPEGRft) iziutx 



yimx'®.%^imt^x 0 i.zumt^'£mm^. 
[0005] mi'^mf-<r>^: © • 

i^ggE G Ri(i:^# < mcth. ^\z^ mmmmi:\: 

'mm'¥mm^m/m.^mmzs^±m^mx'^-^< 

-y-yr-th(r)X\ l^gPEGR»<7)^'^^:*^:^§V^. Ltz 

ti^-iX. mm^3sM.^zn]^LfzmiM<r)'mm^: . m> 
E G RmznLxmM^^j:WLx\m^commm(^^ 

i^^Lfzm.^j:mEi'^^j:-^tz<^X'\i. ^»^®AS 
M*$Wt>v>T{4x:^>>-y h/I/:7$i|tSPSrfi=;i=S:v^C: 

nmUz. tfz. Sis^mcciBtT. M.g=S:rtS?EGR 

^i-sk^L, Wz^hitX^%if<7:>BWm^miniE 
Lfzk LTi. ^^coi^^EGRa:{j:. J-^JUr^^ 

ym<7ymmizj:^xi.±t <^<tth <7)X'm^Mm 
i'n'^o:Ltf)^X't^^\ 

[0006] liLhcO>I t , ■5r^#-C'f5^ttH< $1] 
m-t^fzMzli. y§mmz:k^ <^iftl^^^EGRM 
^:^Em^zm&i-hzt^}^^^flh. tfz. i^^y^m. 

tiizx-oxmmmK/:^mitmm?:nozt. ^cofaog 

i,, |*lgEEGR4^iEii{ciESt--&C:i:*^'^*$^l-l.. 
[0007] *I1BJ{±, J; ^ ^^5(ttfOlSS{c*g L 

-g,xyi;>tioV^T, [^^EGRi^C«j;<^mig 
l,zm^L. S <i>{c{i#axyi;y$iJ1JP$r^if t:fr;ii. i 

[0 0 08] 

*>|,xyi/ycoi*Fa5EGR*fi^:«r^c7)l6Bg{i, 

cT^mmmm^^i^mx'^ i.^^»#^s&fii.^^xy 

xyi/'y|sISg5$jgi:. ^=«-:yv^T,rta5EGR«$-^t^ 

[0009] 1 liZ^h^m^zx h t . Mm^com 
^mt . mf^^mmmki.zm':suxis. ■ sfs^^^o^r- 
V N'- y -y rm. t . Mm^m^<^ y^y mm'^mm 
tt^-^i^iitL. zti(3t:^yi^y^^mmti3-mn.<7i 

l!X#3gLc?)^S'Sri:'5:#ii:L-C. rtSEGR^SrieWS 

izm^tizti}^X'^i>. 

[0010] tfz. m^m2i,z^iwm, Miai^i^E 
GRS.<Dm^izm\^hm%^<r>m^mtLx . smm^ 

b. ■ty^izx^xmfi^^<7im^m^^tiithi^^zit 
wtLx. mm<7)Emmt:m^^?>iibxiismitx'^i>. 
[0 0 1 n ^ys, m^msizmt^mt. Mmi^<^m 
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EGRfti: Ltit^L, •yTfl. t M 

E G RM&Ms-ri) ^ t © t -r -1. . 

[0012] fl^il 3 ilfll, ^s^t= J; ^ i: . © • 
<7)3j--A'-7 •xrA%V^4jt^-C'«OI*lg?E GRS(7)S2(s:ii 

rtgPEGR4^«S^I,. 

[0013] J; 5 tc-f ixff, Ig . ^f^^<7):t-^N'- 
iE-ri.^.!:T', ^fflmci^a5EGRS^«^T'#5. 

[00 14] ^/c, m^-^A\<z{^hwm. 

{i, fri^^-^^'-7 •y7W^CfDt-CMgL^'c^-^^- 
7 -yrffilfilTHUie^^^^iltCjDStTl^geEGRftcOft 

*V^:bc.^f<7)f^gCEGR«i: L-CS[ifJ^it, 

[ 0 0 1 5 ] mim5i,zm%m\i. ^\%^<rm 
{±, ^\^AjtM,m%imm^mt<^mmtim±-fh>.z 

PR • sm^^^wN'-^ -yr^^^tm-i^y y^ 

^cDm^mi,z^m^'x h yarnx'^t hi^v yy^ 

(7)fmm±Lx =y V yy^n^m^ti^z Ltzt^-^x 

[0016] Ltzt^-^x. iMmmz^h^xm^m 
Wi%-th:itx'mmzmifmwL^X't^,. ttz. 

±3t}^mzlbhbt\t. xy^/yIsI^sa^S**:*;^v^i:# 
[00 1 7] ffi*iS6t:^S^BStJ:l)i:. is]-f;?.h 

yimx-{,^\'^^<nWi^mfi^^%kst^M\,zhhh # 



m±LXm^M. (F^gPEGRM) tm±-th, 

x\ ±im^iz Lt:i}i'yxm^mm%^<r>m^mmr 

mMj^Mizh^t # a. xy i;y0lKi2^*^':;«;# v>fc 

iEmiz^A^^hZbi}<X'^h, 
[ 0 0 1 8 ] ^^C. ff*lM7 t«l>5&0M(±, ©^^#^7)^ 

©^^^ogB^rei t A— 7 -y r-f S i: # 

i^'yEISjiS^^^t^v^i: ^{3i:\ mMi^^m^m-rh 

:iti'\mt'r^, m-trx h y{aaT-t^^i^#comB# 
ffl7:)5Sfm±5E,irmt=$) I, # {± . -mmmmzmm l 

■c'. i^mcom^^zmn^^t^^. as^'xao^oi^ 

SBEGRftJiMii'-t-i), -eL-C. 'ec7)<SrS]{i. xyi/y 

[0019] ^zx\ ±mim^zuzti^^xm^mm 
%i^commmm'^^^wzh ^tti±. xy s/yiHi 

^fc fiO^i-- A'-7 -y Tft*<ii;*;t-^{5 fc'l^^l5^-^^'-5 
>y7liE4&ti;>:-ri.Ci:(3J;0. ^g^EGRiOitS 

[0 0 20] it*3l8l=-m.%BB(cJ;l.i;. «*6<}l=iS 

■yr4'l:#f^<^i^'J yt5^F*I^MO»**ii:'^L-r[*lg5EG 

Rft*^'li:;»;-t'S^^t\ c:cofi[6]{;jStr^-^N'-7 vT" 
lijEl:$:ti;^-tl.^i:{Cc}:0. f*ia5EGR»co«^<i2: 

[0 0 2 1 ] i/c. m^9izm^^mii. Mmi^^om 
mm^±K;^mzh ^t^ii. im^mm%±st 

7-yrfflIE4^M'>-tS.rttcJ:0, f*]g5EGRftc7)^i 

^mi:m^^i z t i^mt-th . tmm9i.zi^h^B^ 
izxht. Mm^com^mmtMJMM izhht^<r> 

:t->'^'-7•y7'4'{4b•X^yA^^^L•CV^^fca6, ISH 
i^KS*^m±5E^*^4.Jiix-5{5i:'i''J y^/f^^DiKAmffi 
LT la^vJK- h i: {7)||E*</J^$ < 55: 

fc, -yrB^titlSL^ci: ^c^Sm<7)i/U y 

r[^'v«7)^01:<7)llt/jN$<'5:l.. o*07f-yN'-7-y 
7'{c J; I. i^gPE G RScoifS^^fi , WBt«8*''i^f 

[ 0 0 2 2 ] -eci-c, mf<.^mmmcr)mfiaMAi}^i^(r> 

mnM^^m±i-hizLrzi}^'yx . mz^-^<-y -/yn 
lEM^m-rhztiz^*). [^^EGR&com^miM 

ma. ^%n&<7)mimti<miztuzifzi}''^x. m 
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[0 0 2 3]il*iilO{c^l>^a^tcJ;|,i:, ig^ftff 

[0 0 24] 5; /o, ii^iii i^zmmmii. fiiS:t- 

&i:ttitl.^fc^#Sttl., fi^iil lWf-l.%BJtc 

tmtmmmm^zmtfzmtizmrs^^x-^^ uz 

-y-y mJEAimJEmizM-iH-tl Z t A^'T'^ I . 
[ 0 0 2 5 ] ^^0, 11*^1 2t=^l,^BJ{i, fiia^- 

1 2 Icf^S^HHl; i I. i: , © • ^\%^m->^-y vT 

[ 0 0 2 6 ] ^fc, 11^311 3C^l.i|Bfl{i, mifa^- 

ffitfilSS*liiEffl^iSS-tl. ^ t ^tttS i:tl> . 
[0027] mm^ 1 3 tl^.&^BJ(c J; ^ i . 

iat, ^-A'-^-yr*C7)ti:;>;tC{CfCl*lg|5EGR4 

t^ti. jr-A'-7-yr4'®md^-h'\coDj>:^iit7!)^'S: 
EWfc=5rl.Wt\ i^f^^HSfRitiib-r^gPEGRftcT) 

■SCcLTtiA^'ot, 7r-y\'-7 •yr4ii7)rtgPEGRfio:iit 
[0 0 28] -e^T. :t-A'-7-yr40ti;';tJt>t;T 



m^io'm\.xmimm.tLxm.-thz.>LX. m- 

fflM^jiMtS^ttSt c t ■h^X% h , 

[ 0 0 2 9 ] \A\z'^.hwm. m&'c 

^gsc&^^L, mm^-mszwmsmmm:^ 
bt Mi2^-A'-7 •y7m4^|[{±l-ri.c: t 
mm.\Ai,z\%h%mzi.ht. ^(^m&t 

^\%^(mm},Z]^X.fZ'^-)-^-V -yrcf^Ortg^E GR 

mm.nz.m-^^ ^xmsm'mmi'di.'^ l . friE^* 
mmmmsMmm:m.\^hz t x. 

■y7m4^§^t®jE€lc^ait-|. z. t t-x^ I , 

[ 0 0 3 0 ] iiTt, n^ii 1 5 tzf^i-^Hiii, m%nE 
^mmm^th c uzt^-yxmtm'mm^EAim 
±1. mmcr)m^mm%±wAmizh'o . ao, © 

m%±Mi^i)'hcDmnmizmtxmMm%E.miLiim 

[003 1 ] mm. 1 5 tcf^^^B^cci I, , ^(^i. 
0 ^zm.mEcr)mmtim±t^ uzti^^x^i--^^- 

y 'yr^ffi^^EGRmtimi^l<^X^9.EmiEAi 

D ^-M'- ^ -y7'i7)^*t J; 1) u yy^cDE^(7)m^ 
±^<^£^xmAj^t^iz^<m^^iil<DX\ ismftE 

«o^<i*vjv$v>i: # J; , m^zmiEMim^-ti, 
[0032] ztuzx 0 . mMEi,zmtxmn^i.zi&% 
En'SM.ti^w.^^tiicox. ^-A'-7 7rffliEfi^ji 

Icfcv^-C, lulEif*:! 1-115^311 5c7)uT^iAUotc 
iea$fi.7t:rtSfEGR«c;)jt^:^rffi^ffli^-Crt^EGR 

^iLtiiL, l^if£l^a5EGRftcr)^ig^|^:|?fE@SS^ 

tmiii^tifzmm^mb^j:hXoizfs.%^mmmi 
mthztmrnt^i. 
[0 033] ffi^jsi e^z^i^m^zxht. ^<ox 

oi>zlx^Wmzm^^tifz^mGRit . :Ly~jy 

m.^%^z'm£,uzm.'mM.uz-m\^x . 

%M<r)m^Wimm^tih . Z<n^o\,ztti\i. xy^-- 
^-^<-y 'yrS.cr)^im^zi:y)i^^ <^it^hfH 

^E G RirM'<mwm^zm^ L-:>^m.%^<r>m^mi 
niEMm-ti><r)X\ sW:^x^^mzM.^^rz^%Mi)< 

[0 0 34] ^y^, lt^:Sl 7t;^l.xyi;yc7)i^ijy 
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[ G 0 3 5 ] ^ Tt: , It^m 1 S tfSI.%B«<±, mriSf*lgP 

GR»(*a)^7)fts<i&M»-ri.^i:-c'i^'j yy^zm. 
z.corm^m>^^x '>'j yyiz<SLX^tihmAs.^i:M. 

C 0 0 3 7 ] ^/c, 1 9 t;mi.%BH{±, fjlEiS^ 

XT 7 n-;-* - ^ i: T-^ai $ tLl) b' 
'^coaiSMc^SiA*^: . 'J yyiz\&X^ii^M*& 

b L ^ 55«^-5'rL7h— /L- K f*! A ctdW 

7n-ju m^m^^im<xmmmizMtiii-:i, ztt^ 

[0 0 38] tfz. tmm2 0i.zi^lx.y>=ycD}^^X'^ 

tit- 1 o tiaSJ $ ilT^c F^gp E G Rl;c7)ft«:^jS Sr ffl V 
[^a?EGRl:S:}iSt. iSf*I^EGRi^0^t^^lS:fflV^ 
T,-^B#^S:aiJfflI-ri.C:i:&!^®i:-?-|.. ffSiS2 Olc 

A:l*Ia5EGRl:&fflv^|,^^^cJ;0, ^„m^2:a^Jg 

izim LX!^^mt:miEizmm^h z t h . 

[ 0 0 3 9 ] ^ if*ii2 1 izi^i^mt. i>riaf*3a5 

E G RSc7)Ji^iHcS-:^V ^X y y :/F»=lcO:^;^'^fiCjhf 

■thB.:^'xm.(DnMitx'him:^'^miniiit^ 



X^mttht-(^mmEW\:^-:!' b^j:ltX'C7^^MRm 
B§^S:»Lffi L . t$jmRZ^^izm':S\ M B T ( fc^c 

iz^jk^m I. i ^: i -ri. . 

[0040] 2 1 tf^-i.%BJtc J; ^ h , i^gBE G 

Rfitc^-:sv^-c»:aiL?ts;<f;?.^t==t 

[0 04 1] 

x-y'jycT^i^xT-j^mx'hl, y-yvy\(r)-^%m<^\^ 
xhy2lcJ: Oiifi£$ix-i>M^3tc{4. ^,i^^4$rH 

[0042] 5 s.c^'#f^# 6 <r)vmmmmm. ( ^ 

^#ga) cO»*fijt^[22i=Sf-. #*2 0O#f4 
2 1 {;ri/- h^^c7)pTij^2 2*^K#{t^ixTio 0 , c: 
<7)^l!)^2 2{i:;^rUyi/2 3. 2 4tcJ; O'+'ieat: 

$ fiT V ^ I, . ^ 2 2 ^oT{itcra#ffl«m3 

[0 04 3] -eLt, xyi/>l^75S§l6l?t;cti^>^^ 
ffl^n^ ;U2 5Sl^H#ffl«ISn^ ;P2 6 

«LTi5rtfiT2 2^it^$-ar, ffi^A<+:«-A# <^o/:; 

2^«i«bTV^i,±ffl!|c7)^#ffll:SrJ-f ;P2 e^iOMfl: 
S:f?±Lfv:f^. xr U y^2 3cO#^^]-C'^»)tF2 2 1: 

iij^2 2&©«-ri.C:i:t:iO. #«s2 0S:U7hS-ti: 

[00441 mz. mm-hm^^'^hmii, '^m^2 
2$:®«trv>i>T{ai<7)^#ffli:ii3^yi^2 s^coam 
^f¥±Lfcm. ;^r'j yi/2 4<o#^:^t'"5ri&^ 2 2 

±*-^»§-tf:, ±{||OK#fflmmn-f;i'2 6{c+^if 
jfiL/c t i ^ /U2 6 S:a«LT , 
^l&^2 2$:i!a«-ri.C:i:{Cj:0. ^f*:2 0 ^i^-hgp 

[ 0 0 4 5 ] =5rfc, *^ifiB®-C'{4, -ar^gJ^^ai: t 

immtH' iii)mf(>tix^^h. 

[0 04 6] ZZI,Zi3\^X. lK§i#5, m%^e. XQ 

«y 1 0 , mmmmii- 1 1 Rr/.^jk.tk4 <Di¥mii, 
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^yiv(^mQ^^M.) ^ma-thT^-tju^yju-ty^i 

[004 7] ft T^-t/P^jg, :cyiy'y^mmm 

I. J: 0 Lr®^#5«0fflB§«BO$iJW;<toTiSA 

-I. . tfz. m^J^ iv=y3 ymz N o 

y ^I^:Z5'l-c73^Btl J: o T 1) ^it-f h COT' . Sffi^ffittt; 
'^/'^^ [0 048] ^/i, 1trlE#a-by-»f«ti0^tB$^i:^C 

[0049] ;^T--yri-C{4, T^'-fe;i.'<.r;P-fe>'-9-l 

V 1 sizjz-^xmm^iifzJiy'jymmimm^mi^s^ 

7t^-^o;^c@SS^FQH0EM$:»:til-ri>. 
•yr2T-(4. I^^EGRMi?)PR • #fm#c7);t->'>'- V -/ 
7-*<|ffiV^tt'StCi3{tl>^*<iE VEGR 0 S-Kffi-tS . 

i^»ai(4, [14c7)Hf7';u-f-ytct^oT^?T^*?ns, EP 

Xx-yr2 1 . 2 2-C-xyi;y[H]|K^Ne 

*c7)gmKi^w (Evc) xr-/r2 st- 

\^X^^^iXfz'7'vrT-y)Vi^LX, f^l^EGR 
*<7)S*iiEVEGR0 2-. mrlSgglSMfiFQHOE 

MtJi^t-i-EGR^i: LT»ai-r.i.. ^S*<aEV_EG 
ROti:. ^ • ^m#g):t->'N'-7-y7>'av^1jt^T'i^U 

V c icfc(t-?> fx h year^i i. ^ u yymmti^ 

$ iiT^c 4fc^t1jm#7i^'m i: L , EV 

ctm%}jt.^mzhh t # (UTjaaiATDC' j: v» 
o)\i. - mmmm^zm\i!. Ltzm^i ly u yymz^\ 

jS;<f;^Mo^'3MEGRa{j:^-t'i . 
ttz ^<r>mAi. \m.^z^hi ><r>X'hhfz}t^. xvi^y 



(gK^J^NetcioTi^^-fbU. xyyyBfeilJgNe 
if±t\^t%a ^lltt =5: o -C. F^^ E G RlitC 
2St{3'-t^iF»';*;#<'S:-S> . gm#c^PRB#ffiE VC 
7;>^ 'ATD C ^ ti:jj^mOm^>{)^'^li-r-g.i^ctf3fItt 

v^Q-C, xy yyats^^j^N e ^tM:^t: J: 
I, F^aSEG RgO}^-a;i)<:^# < ^xh , tfz.M^±W, 
^f)>hmit:bZWi. b'x h y x b'- F i)<± ^\,^co 
•C' xys^yElfejl^N e<7)^-(b:J:l.[^ggEGRgo^ 

[0050] HStcM-oT, XT--y7°3-C14, ^^#6 
cOBSm^^E V C i: IS^^ 5 O ggm^ I V O i: 

->'^'-7•y7'L•CV^^V^hfJ^$^^7t^#^C^4. XT'X 
7" 4 ^Ji^ T'Ji--^ ^'- 7 >/ 7'tC i S 1^35 E G RfiiO^iiE 
l;OLEGRl$:0lZ-fe-/ h-tS. CliltCj:'^, P^SJE 
GRMJi. Mea*<iEVEGROt:^S$ixl.„ 
[ 0 0 5 1 ] i /c, Xx y7-3T'iS • 

y 'yrbx\>^h tm^^ixtz^it. xx>yr5^a^ 

t', l^5^-^^-^•y7°B#<7D^*ffiIE1lOLEGR0$:K 

ai-r.?.. IS^aiJi, ll5iO-9-7';i^-f-ytc«-5-cff^^ 
fL^. SP*), ll5c75XT--y7'3 1 . 32. 3 3T-xyv 
yEteiiJKNe. #f^#6c7)SMmfflEVC, 
50BSfflB#XiI VO^)ll<^;^a;^*.. 7.r'y7-3 4 
X\ Ci^<b^OA:^®::a':?v^X, J^is^tcj; D^->'<-7 

I MEt-m^-ri). 

[0052] OLTIME= (EVC-IVO)/Ne 
Xr'yr3 5T-{4, f^l£^->^'-7•y7•1^^0 
LT I ME tcSo'V^T . ^i!6;t->'N'— 7 -yT^PalO LT 

I ME(cWjteLTiS^$n.fv:MOLEGC0?rV«y7'-f 
-ryPAxbl^^S. iCl-C. ;t->'N'-7-/7H§PHlOL 
T I ME<73ti^(:J;oTl*I^EGRS«^'±i;>;-r-I.OT\ 
ffiEiiOLEGC0{±. ^->'N'-7-y7'^raOLTI M 

E<r>mAzm txm:k Lxm.^^ tix^^i>, 
roo53] x^'yy'sex'ii. m^^6cr)Bmmmm 

EVC*^'BTDCt:S)l)*»ATDCtS)l> $r ^yJ^'J-t 
|>. >^7--yr3 6-r\ EVC*«BTDCtibl>i:¥!l^$ 
ixfci;#{4- -/7•3 7'VJi^T^ MI 5X -r •/ 7* 3 5 
t-l^^ixjtfiO LEGCO?:. -fOS ^TT-ys;-^ -y 
7-^C0S*ffiIEfitO L E G R 0 i fCiS^-f -i) , 
[00 54] ^Tt:, >?.f--yr3 6T'EVCA<ATDCtC 

j>2.i:f<JS$ti^i:#«±, ;^>r•yT3 8^Ji^•c^ -Btria 
<^«?^fiioLEGc 0 s-ssw^^E vctf5t:-c»5'; 

OLEGROi: LT^^-ri). OLEGR0=OLEG 

co-Evc (±^^k<r)mn&) x^mw-h. i^ggE 

G^^S^fit^^^tt-S.® • e^^#<7 ):t->'N'-7-yrB# 

»'[5l-r^ , «^^#OgH^^ EVCtcJ:o-Ci!^^)gLg) 
^^JS?i^M=Sr ^ fc'tc i: o r -g> . il8{±, xy 
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7 •/ r Ci; I. rtSiJ E G R4i7)ti»liE V c J; ^>-f b&- 
^Cmn^tlh, ■Itm, EVC7!><BTDCt3g).g,fcs= 

-?- tf^f^^iS^tf g-C'S^K® V >a S /I I. ;t *^ E G R ^ i: 
rSTiDi^tc, EVC (±5E.-±fHti«3l:ftl) izXin 
[00 55 EVC;^<ATDCt:fel)i :^J^$n 

am-^^-y y r^bimi-i t . m^m^m^^xi^ 
•J ymi^zfm-kEmm^tih zt^zx 'ommt± 

t-f-^-y •y7'mm^±wmizhhb # inz 
imi±p^\yCtnzMi. ^-^-^-y -yrmmt^iM 

T7rB#j:t\ ll;!)^'/hg< =Sr-g.. oj^ O^-^'n'-^ -yr 

^N'-7-yTKB^ (X{j:EVC) 7!>^'±^;^^A^'^Mfil.tita£ 

[0 0 5 6] liLh«7)J;a^S*t\ SSt^tidt, 
E V C AT D C t J) I. h # {± , ^-z" 'y J; I 
F^gPEGRl:i73tiM(i:, EVC;iS±5E,>;^*^'b^ix|. ttsf 
■oXm'J'-tl. L/tA^'oT, luExf •y7'3 8c7)J;o 
t::. EVC (±5E^.f^i03i:^fi) titi^'Jfl.^ffilES- 

[00 5 7] HStC^oT, XT'/rerii, huIB^OJ: 
^ CLTma}$n/i^-^N'-7 ■y7-B$<7)S*ffijEilOL 
EGROS:©^ ir-xVE) izi^txmsE-thrzib 

EfiOLEGROJi, iS^-g (-50ininHg) <7)^frt' 



c7)^_y<-7-y7-8#Ortg5EGRl:iSS^^fc LTSCHi^ 
tlfz^K t-^^-y-yrti^m) , EVCA«[3l--C^ 
m%Ei}^<t-f?>t. W z X-^X^ -y-^-yy 

7-^^ii^# jg taip/^^'^-ii^-f ■g.cot' , tmn^&izmuz 

~)<.Aij7.<rm.%3k^<^'m\tSk-Z^b-th^-^\.z 
Ji. frlEXD-y hyW#l 0c7)PBJ^S:®jgtg5oTF;fSc7) 

[0058] Wm&\Z'&lfzn'iLm,0 L E GO BiO 
KffiJi. m(i<^-^f}\/-'f-V\Z^'iXWjihfih. EP 
7 7*4 1 TiimiS;^o ■/ b;i/#raJl$iJfflit J; I. 

XT'y7'4 2t'(i. #f^^6c7)@gKS#S?EVC^^<^ 
^kJi-. xr -y-r A3X\iZ.ii(o\izm-3\y^ . EI9tc^^t 
i a ^^f ftr- ^ tcS^v ^-C f^^ § ^iT'c-v .y rx- 
&^LT, ©^l^iEtTtaiE^IScOLEGCB^^ 
^l>, ia9li:, ©^ffi (ftE) =-50mmHgB#TcOl^gB 
EGRl;C7)til:^tC;^-ti)©^=-100iiimHg, -300imn 
Hg^T'i^F^IBE GRic7)til:^OfS*S:S^L7t tiDT'J) 
I. (^-M--7-y7'»[^'7y^:f^]^20° . 40- 
4aO^^T-^') , IS^iOiat. CK^=-100iiiiiiHg 
<7)i:#{i, EVC (;r-A'-^-y7^ra<5^4"C0 co^ML 

0miiiHgC7)i:#lj, EVC*^BTDC{cS,l>fc#tt, 3~ 
4fSgJKt'B&-^TJ)-g.A\ ATDCicS,Si;#{S, ± 

itM.t-iomiu^}im\mz'mt^mX'^h . ctm, 

IS^-S (-50mmHg) <7)^frT'E VCA^ATDCCJ) 

m.%E.ti^-mmMWS.t. x-micth t , ^{i o 

Wz>!bmmi)^:k^ <m^^fihc0X\ -SOmmHgBfC 

[0 0 59] HStClo-C, •y7'7T'{i, ^^.r-yT 
STgffiLT^^^HlEffiOLEGROtC. ;?.r77*6T' 

^ai Lf ^m.9mz^ t /c aiEi im olegcb^^i; 

OLEGRl^gca -tl). -etT, Xr-yr8T'{±, X 

T 7 r 2 x-nm, $ it/t f*iSPE g Ricom^m e v e g r 
oiz. np^i T Lz\.xm.iv.-^ii rz^-j-s-y 'yy'f^cQ 
niEMOLEGR I ii]mi x mM.miEthzbizx 

0. fi;||S^^f^ggEGRaEGRREMS:ft^?Ig[-rg. 
[0060] EGRREM=EVEGR0+OLEGR 
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0. f^^EGRM^mnm^zm^thzbti^x't^. <x 

FQHOEM ?r. mtl\*i^EGR&iZ&'^\^xmiE-tl 
ZtlzX'O, ggg^ffiIEfiHQHOFMSrg:a-ri. 

[006 1] 

HQHOFM = FQH0EMX (1+EGRREM) 

X7--yriOXii, frf£gmgg^liIE€HQHOFM 

ztuzi 0 , frig ggai^XB I V c izm ttzm mm'^i}^ 
mtmmmwi^m^zttiirtik- ■sm^s^&^Bgan^XBi 

[0062] J; a {ztMi. x.y-jymwm\<zm 

rftCO^-fC^lCj; O^'cS <^^'fb-ri.f^gPEGRl:^S<X 

mmm^zm^L-^'om.%^(ommmt:miEum^h(r) 
x\ sm^?^%mz^^'7fzmM.tim^ti. mmm 

ti:h)U9mmiffli>. mz. ±ti<^Xdl>zLX. mi 

m3<r>x7--yr8txiz^^Lti^^mi>zmitm.-:}Tmiz 
Xr>xM.iii^tirz[^^EGRmiz^^\^x . ^-uy^s 
xm^i'^mmmiz^.iHi-^micommmmiz'^^^xm 

mmx'$)t<7)X'um'm-m)K mAm^i nzx 
•rs. 

[0063] JitT. ±ie«!«f4(SSf«^c7)$f]fflI<7);t46«Om 

MMM.) CccoMMz^x^X. 01 0c7)^f^7'a-x:^ 
la, 01 1~01 5<7)*;U-f-yfi07a— f-v'— Mft 

AcTi*) S:Qa (kg/h) fc-fl.**, l/3600Sr 

^tT, (g/ms e c ) i: UT!S0, 
[0 0 64] tfc, iSmvx;^-;^KgB^0E:>]^:Pm 
(Pa) . ^€:Vm (m3 : -g) , SMSiSrCm 

(g) , aK^Tm (K) ^-r^. tfc. i^vyyu^ 

m]^Pc (Pa) , ^«S:Vc (m3) . 

Cc (g) . i&Jg5:Tc (K) fc-tS. Mt, ly'}yf 

[00 6 5] ^tz. m.'^-^^~iv\'^ti^'}yyut 

X\ Pm = Pc, Tm=Tc (&iRX/^\i^itL^j: 



mUilms&c) %\,zmi^tlh, Xr-yr5 IT 

xr^o-^-:? l4<oai:*3i0iSAS^Qa 

(Wfisfut : g/ms e c ) ^rffll-f-^. 

[00 6 6] Xf--yr5 2-C'{i, ©ASmiQaCOmi^ 
tf-^t i 0 , Fyf^B^Pal A t %[Z-7=~iit^-jV YU^mxt 
•i.^mftCa (^m«; g) =Qa • A t ^Kffi-r 
^, 01 2\ti^'jy-S^^^^SM.\i!,)V-^y<7^yu 
-^i—h-C'JyO. Ef^B^ISAttttclllt^ixSo 

B#^ivo. sm#6oK^ssEvc^^aj-ri.. i^, 

^ifxm^mzm\^ LT i i V ^1 comtmmt n 

ayy- a-)UJ-- -x M 2 T'iOSiJP±cOfi^<i ( g 

[00 67] ;^T-yr 6 2-C'Ji. 5 co^ffi^gg I V 

C*^^. ^m^Oi^Uyr^aSr^ffiL. BSVc (m 

3) fc-ri., xr-yT-eBT-ti, m(,^5<Dm^miy 
s-:?v%-c, micr>mmmmx'mmuz:f:mzx-iX. ^ 

SeEGRftX(v) (luj^OP^gPEGRSEGRREMl: 

[0 0 6 8] Xy--yy6 4X'lt. MIEgSV c (i^U^- 
^mm) mii^^EGR&XMX'hm:^'xMt 

77 = ( S/U y:^^mv c -S;^'xa) /i/>j >^^v 
c 

. ©m# 5 C7)^s^^ I V O i: 6 c7)H8f ^ 
EVCi:lcJ:0. :t-^N'-7-y7-l:A^'^^0, ^wn- 
7-yr«**^<=Sr-l.g, S^'Xfi (rt^EGRM) t&S:^ 
k-0:h(^X\ ^-^<-5-yr*t£^<±5tt=J:>). 

T-{i, 3i--/N'-9>/7-«<^aiJWci OrtSSEGRS-iS 

tC$lJm'#l.«OT', -«tC{i:EGR^a (J-hSPEGR) 

ti^^EGRmi,zifhmEGRm^ii\m.Ltimt:m\^x . 

[0069] Xr-'yy'6 5X'ii. ggVc (^A^S) 

Vc (m3) =Vc ■ vi:nii!,-ti>, CliO^Vc (mS ) 

i'hgPEGRl:=0<7Di:#li. ®A?I^Vc*>i?,rtg5EG 
Rmt:m%LXt, m^^c^^ihhilti.X'^h. Xt- 
•yr6 6t'«i. <>:^<7)ri:<, ^Vc (m3) (cxyi^ 
yHteitJtNe (rpm) SrSfC. Vc^-ftSSiS (f*: 
SSfui ; ms/m sec) SrKtfi-r^. 
[0 07 0] Vc^-fL3SJg=^Vc • Ne • K 
Z^X\ Y.\iM-^t:mthti^cr>^X\ K= (1/3 
0) X ( 1/1000) X'hh. 1/3 0{4. Ne ( r 
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pm) SrNe ( 1 80deg/sec) tl^M-t^S/::*^ 
(Diii^X'h'O. 1/lOOOJi, Vc (mVsec) 
S-Vc (mVms e c ) l,Z$mt^tilsbcr>ijCr>X'f) 

[007 wtfz. -^%m<r)m.m^Wit^^hum^: 

Vc^-fbm^^Vc • Ne • K • n/N 

^X\^h^\i.. n/N-3/4i:^:-l,. i^, 

[0 0 72] Xxyr67T'<i. V c^\m^ iWm. 
S : m3/m sec) <r>nmn\Zi: 0 , mfii^lS ( 1 

msec) hfzOi,z>'')yy\,zmx^tih-SMMX'hi 
1/ 'J V'^f^'mjm.^y c ( ms ) = v c si-ft^ • a 

iR^a:5.l^i/'Jy^^g52^«ft^ai) ;U-f->c7)7n 

Cc=Vc • Cm/Vm 

gj^P ■ V = C - R-TiO. C = P-V/(R-T) 
Cc=Pc • Vc/ (R • Tc) 

[0076] Pc = Pm, Tc =Tmi:{5^-r 

Cc=Pm • Vc/ (R • Tm) 
i:^!.. --Jj. m«s<0«ffi:^Mj^P • V=C • R • TJ: 
0. P/(R-T) =C/VT'S)Sc7)-c, 7-;^-;^K 
Pm/ (R • Tm) =Cm/Vm 

[ 0 0 7 7 ] ( 4 ) jC^ ( 3 ) i^tCftAWf. 
Cc = Vc- CPm/ (R • Tm) :i =Vc • CCm/ 
Vm: 

h^O, tip. ( 1 ) ULhiOj; ate, 

•y7-7i. 7 2^^oiiuii^f-ri>chtcJ:o. -r^fc 

*)0 1 0 J: 3 tiS^tf^-r S i i: O . x U y 

^iSAS^t'j) hi^') y^se^^fic c ( g ) 
i6T, ai;'j-r&c:i:*^-c#i.. 1^, T.fvril. 7 2 

[0 0 78] dl 4(i, f^5!!.g;u-^yi7)7a-^^- 
asS^SftC c ( g ) $rJnS¥%5aaLT, C c k 

(g) ^iLffi-ri.. 

Cck = Cckx (1-M) +CcXM 
M(ijDfiTfe;^t'J>0, 0<M<lTj>i). 

[ 0 0 7 9 ] -yrS 2T'{i, iJDSTl^S&Sf^O 'J 

yy^^ssc c k ( g ) •k'fA ^ivrnm-n^"^^ 

hfzt). xyv-'yUIIgiiNe (rpm) SrfflV^T. 
C c k ( g/cycle ) =C c k/ ( 1 2 0/N e ) 



■So 

[ 0 0 7 3 ] -y r 7 1 -C'ii, v:l7^-;^ KgpiS^lR 
(7:^rf-.-;UHS5^^4Cmi7)ltXSff^) <r>fz 

m(n-l) iZ. mi 0<7)Jl'-^yX'^l!brc-^-:t-^-Jl'¥^ 
^tA-ri.SmMCa (=Qa At) SrtQflLL, S 

iSiA^$^*-C'l) I. v"J y ^^gP^^MiC c (n) 5r L 
X . v:^rf^-;U HgP^IR^*C m (n) ( g > Sr^ffi-t 

I., 

[0074] Cm(n) =Cm(n-l) 4-Ca-Cc(n) 

zzx-m^-^hcc (n) {ifrigco/u-f-yfyjiOj^T-yr 

7 2tCj;0i:aj$^t7'cCcT-S!).i), XT--yr7 2T1i:, 
'J y AffiM* ( > U y ^gf ^WiC c ) (DW-iHi 

(orzib, <X^<Dz:t<, HI io;i/-^yt'**^7t^-i; 
yy&^^imivci,z. v^;l-«-;^^-gps^^»cm 

SrJt^L. ^7^^:. vrL;lt-;WHa5^Vm (-gM) "C' 
I^LT, i^Uyra5S§5.^*Cc (g) Sr^tf)!.. 
[0075] 

• • • (1) 

X'hh<r>x\ i^vyrmz-or^^x. 

• • ■ (2) 

• ■ ■ (3) 

... (4) 
CiD. l-9-'fi?;K2[Hll5=720deg) 

( g/cycle) tc^mt"^, 
[ 0 0 8 0 ] i^, aofi^^Mi. -y h;u#*^:^|i 

ttK'^h. mi 5\i:Lcr>ik^(^tmwv-^y^y^ 
-^^-VX'hh. 7.'r'yr85X'i^^}y-fWmMM. 
Cc (g) (7)^-flitACc&^ai-rS, ^V^TXr-yT 

8 6 T'C tfO^-fkA A C c *>'m^®Hf^ ( m^fi A J: 0 
#<EifS<iBJ:0/h§v>) t^t^^m^-th. fiH^KH 

r8 7-C-Cck (g) =Cc (g) bLtz^k. T.f-jT 
82T111 4iOXf'-yr82i:|5Il:tCl-9--^ (20 
|g=720deg) ^iOS/ y y^'gP^^KfiC c k ( g/cycJ 
e ) IC^f^-ri). ^•fl:ftACcA5m^iEH^'hTS)l)J#^ 
\i. Xf'yr81f014«O;?.r"yT8 1i:|S|tCx'J 
y^J^gPSm'KSC c (g) ^JnS^ifelJlMt-CCck 

(g) ^SLtliL. Xx-yr8 2'^jttJ, 

[0081] J^LhOJ: a^xU y:J^®AS5vi ( S^'J y 
^^SP^^ftC c. C c k ) (TiWiiAz^ 0 . -ttahh. 
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V ^•C U y r^'SA^Mft ( U V ^gPII^^* ) C c Sr 
[0 0 82] J; -5 "r^^xyx'y-C'cT)^';^:/!® 

[0 0 83] <X(:. rtSBEGRMiOftS^ai&lfoT, 
e blzmr^K^Xl^^EGRM (imM) X(v)$. 

[0084] m^'^mnnmxii. luiErt^EGRstc 

^'|-gPE G R 3 **-&{i^'l-g2E G Ri^JflK LT S^'^ 
ft &EGR;y;z>cO^^Jgp&fflV^TS:<?x4 

Vy:f^1^:^'^m (^ft) Vc(g)T'l^t;^v:S^'x$ 

{±, Buie«;^'^i (^*) x(g)t=. ^2crmtmmx' 
9r^LtzXo izma^tih >- y y ^s^ssa^^ftc c (g) S: 

[0085] imm.mnmx'i±. mMim':^ms izm 

±^^^t^iii:. mm^mBwiph^^mzma^ix 
I. . mmKmimmnmxu . m?jmmm b v izm-^ 

jm^Btizm-cS^^X. MET {Mck]^)]^^mAkV^ 

'jym^mmN e (cso'v^T ^ 5 y^^nmmizi^n ttz 
±x\ smiMAx^y'^mnmm^^yy^f^im 

X'mmi£:bt^^-9b^j:hiioiz. tm^^yy^^^ 

mt^hmmMKm^^B tw^<^9 v y^mmi\^ 
'mu(n9vy'7-^m.-k. MBThttiiai-ri.. 

[00 86] Z.<r>Xo\Z-ffO,i. rtSBEGRfttzS-t^V^ 
X%!mm:mmmz^'^\.X . iimtCtMBTSrl 

g$:Ifil±T#l.. 



[01] *^Bjco#ii«^(c3t^jit I. ^mii^m\ 

%^Wk^i.fz:i^y\/y<r>'yXTlM. 

[02] [HI t < Si • #f ^#C0^11igB^Mi7)S2|EKjt 

0. 

[03 ] mi «0lim®(ci5(tSiSim#«0@aK^^ 
fSS^U-^ yi07 a— f-v - h . 
[04] l5lt<l^gPEGR*0^fil$:»ai-ri.^fr 

f- yco 7 o— f-.-v- b . 
[05] |5]t<[*lgSEGRftcOJt-->'N-5 -yy-til. 
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